In addition to its antiviral effect, interferon, at high concentrations, stimulates steroidogenesis and provokes cell rounding in Y-1 mouse adrenal tumour cells. This stimulation was inhibited by cytochalasin B and colchicine. In contrast, dibutyryl cAMP and cholera toxin, also able to induce steroid production and cell rounding, increased steroid production even in the presence of these cytoskeleton-disrupting agents. The initial trigger for interferon or cholera toxin thus probably involves a distinct receptor organization. However, since both inducers increased cAMP synthesis in this differentiated cell line, the further metabolic steps of ketosteroid production could be the same.
INTRODUCTION
Y-1 mouse adrenal tumour cells are a differentiated cell line which preserves steroid (progesterone class) -secreting capacity (Buonassisi et al., 1962) , and can be employed as a model system for studying the regulation of steroidogenesis in vitro (Schimmer, 1981) . Cytoskeletal elements are considered to play a role in the mechanism of stimulation of steroid production (Mrotek & Hall, 1975) . Anti-microtubular agents stimulate steroid production (Temple & Wolff, 1973) by dissociating the tubulin-cholesterol complex (Clark & Shay, 1981) .
Interferon (IFN), first described as an antiviral substance, is now considered to be a mediator of various biological effects, all of which are not yet well characterized. It has been suggested that the IFN receptor system consists of non-specific fixation sites, gangliosides (Besan~on & Ankel, 1974) , and a specific glycoprotein activator site (Chany et al., 1973) on the cell membrane. The integrity of the cytoskeleton is thought to be a prerequisite for normal IFN receptor functions (Bourgeade & Chany, 1979; Chany, 1976 Chany, , 1981 . On the other hand, low doses of IFN enhance the polymerization of cytoskeletal elements, especially that of microfilaments in transformed cells (Bourgeade et al., 1981; Brouty-Boy~ et al., 1981 : Hicks et al., 1981 or in human fibroblasts (Pfeffer et al., 1980) . Furthermore, in IFN-treated cells, the development of the extracellular matrix increases the adhesion of the cells to the substrate (Gerfaux et al.. 1981) .
In addition to its antiviral effect, mouse IFN stimulates ketosteroid production in Y-1 cells with a concomitant increase in the intracellular cAMP level (Chany et al., 1980) . These effects are reminiscent of those induced by the adrenocorticotropic hormone (ACTH) or synacthene, certain bacterial enterotoxins or cAMP itself. Thus, as far as the mode of stimulation of steroid production is concerned, an analogy may be drawn between IFN and cAMP-accumulating agents. In parallel, IFN provokes cell rounding at high doses, similarly to cholera toxin (Tournier et aL, 1978) .
In view of these findings, we explored the role of the cytoskeleton, in steroid production and cell rounding, using Y-I cells treated with IFN and/or cholera toxin.
METHODS
Cell culture. The tumour cells, Y-1 strain (American Type Culture Collection, CCL79), were propagated in our laboratory after one passage in a nude mouse. The cells were grown in HA M F 10 medium supplemented with 12.5 % horse serum, 2.5 % foetal calf serum and antibiotics, at 37 °C. Prior to each experiment, plastic culture dishes (35 mm diam.) containing 106 cells were washed three times and preincubated for 24h in serum-free medium to eliminate the influence of steroid-binding serum proteins (Mrotek et al., 1982) .
Purified mouse IFN (Dussaix et al., 1983) , with a specific activity of 106 IU/mg protein, was used at a concentration of 104 IU/ml. As a control, human leukocyte IFN (5 x 104 IU/ml), which provoked neither antiviral effect, steroid stimulation nor cell rounding, was employed. Arginine butyrate (Debat Laboratories) was used at a concentration of 2 mM, which does not affect challenge virus replication (Bourgeade & Chany, 1979) . Cytochatasin B and colchicine (Sigma) were employed at 10 ktM, a concentration which has no effect on either cellular RNA or protein synthesis (Bourgeade & Chany, 1976) . Dibutyryl cAMP (1 mrd) and cholera toxin (100 ng/ml) were both from Sigma.
Evaluation oflFN-induced antiviral activity. The IFN-induced antiviral state was evaluated by inhibition of the replication of mouse encephalomyocarditis (EMC) virus. After treatment of the cell cultures, the medium was removed and replaced by EMC virus at a multiplicity of infection (m.o.i.) of 0.1 p.f.u./cell, in medium supplemented with 2% calf serum. After 18 h incubation at 37 °C, the virus yields were evaluated by haemagglutination (HA) of human O-positive red blood cells and expressed as the reciprocal of the dilution that corresponds to one HA unit.
Measurement of steroid levels. The steroids secreted in the culture medium were estimated by fluorimetry as described by Braunsberg & James (1960) , with a Jobin Yvon JY3 spectrofluorimeter. Steroids were extracted with dichloromethane, dried and redissolved in a mixture of ethanol and sulphuric acid (40:60, v/v). Corticosterone (Sigma) was used as a reference. The results are expressed as the cumulative production per culture dish after subtracting the initial amount of steroids produced during the preincubation in serum-free medium.
Transmission electron microscopy. Y-1 cells (2 x 106) were cultured in plastic dishes (35 mm diam.) for 2 days in complete medium prior to treatment with IFN or serum-free medium. The cells were then fixed with glutaraldehyde (1%) and osmium tetroxide (1%), dehydrated in graded ethanol series and included in situ in Agar 100 resin.
Ultrathin sections were counterstained with uranyl acetate and lead citrate and observed in an Elmiskop 101 (Siemens) under an accelerating voltage of 80 kV. (105) were grown for 24 h on glass coverslips in culture dishes. After 24 h treatment with either IFN, cholera toxin or serum-free medium, the cells were washed and extracted for 5 min at 37 °C with 1% Triton X-100 (Bershadsky et al., 1978) . Glutaraldehyde-fixed (1%) cells were dehydrated in graded ethanol series and then acetone, dried using a CO2 critical point method (Balzer CPD 010) and coated with 10 nm-thick Au-Pd by sputtering (Balzer SCD 020). A Jeol ASID-4D electron microscope was used for the scanning observations.
Scanning electron microscopy of the cytoskeleton of Triton-extracted Y-1 cells. Y-I cells

RESULTS
Effect of cytoskeleton organization on IFN-induced antiviral activity and steroidogenesis in Y-I cells
Y-I cells (15th to 17th passages), cultured for 1 day in complete medium and for 24 h in serumfree medium, were treated for 6 h with serum-free medium (i) alone, (ii) supplemented with arginine butyrate or (iii) with cytochalasin B + colchicine. In parallel, IFN was added to each of the three series. The medium was then removed and the cells were challenged with EMC virus. The virus yield in each culture was measured by HA titres. The cumulative amount of steroids excreted in the culture medium was measured at 0, 1 and 6 h of treatment.
Arginine butyrate and the cytoskeleton inhibitors had practically no direct effect on virus yield (data not shown). Arginine butyrate did not greatly affect the IFN-induced antiviral state because of the short exposure of the cells to this drug, while cytochalasin B + colchicine inhibited it, as expected (Bourgeade & Chany, 1976) . Both however decreased steroidogenesis induced by IFN (Table 1) .
Effect of cytochalasin B on cholera toxin stimulation
Y-1 cells (70th passage), cultured for 2 days in complete medium and incubated in serum-free medium, were stimulated by cholera toxin or unstimulated. The steroid production increased by more than three times between 6 and 24 h in the cholera toxin-treated cells when compared to control cultures (2.07 ~tg of steroids/106 cells/24 h) (Fig. 1 a) . The addition of cytochalasin B did not significantly affect this stimulation (Fig. la) . Cytochalasin B itself did not cause variation in the steroid production of unstimulated cells (0.9-fold at 6 h and 1.6-fold at 24 h compared with control) (Fig. 1 b) . When cholera toxin was added 6 h after cytochalasin B, the level of steroidogenesis reached that of cholera toxin alone at 24 h.
Interferon and steroidogenesis of Y-1 cells
Effect of cytoskeleton organization on cAMP stimulation
Although IFN and cholera toxin stimulated steroidogenesis differently, as shown above, there is nevertheless an early common metabolic step, i.e. the increase of cAMP. Therefore, we analysed the effect of cytoskeleton-disrupting drugs on the stimulation by cAMP itself.
Y-1 cells (26th passage), cultured for 1 day in complete medium and incubated with serumfree medium, were pretreated with cytochalasin B, colchicine or serum-free medium for 24 h. Then, dibutyryl cAMP was added to one set of cultures and the other set was maintained under the first treatment as control. All the cultures were incubated for an additional period of 24 h. The steroid production was measured at 0, 6 and 24 h of this second treatment. The values expressed at time 0 represent the amount of steroids produced during the 24 h pretreatment with the different drugs.
As shown in Fig. 2 , the steroid production of the control cells incubated with serum-free medium was 0.090 ___ 0.027 ktg/10 6 cells at time 0 and reached 0.197 ~g/10 6 cells at 24 h. Variations in the base secretion were generally due to nutritional conditions which could be easily controlled. The yields of steroids were unaffected by cytochalasin B or colchicine pretreatment, while the cells rounded in the presence of these anti-cytoskeletal drugs.
In the series to which dibutyryl cAMP was added, steroid production increased in all the cultures, whatever the pretreatment. At 24 h, a 2-to 2.4-fold increase was observed as compared to the amount produced by control cultures.
Analysis of the cytoskeletal network in IFN-treated Y-1 cells by electron microscopy
To observe the cytoskeletal network of Y-1 cells under stimulation by IFN, some cell cultures were processed for transmission electron microscopy after treatment. Mitochondria of cylindrical shape with an electron-dense matrix observed in control cells (Fig. 3) became spherical with a relatively electron-translucent matrix after IFN stimulation (Fig. 4) . The cristae seemed to be compressed by the swelling of the matrix. Cytoskeletal elements (microfilaments, microtubules and intermediate filaments) were noticed in both control and IFN-treated cells without any particular difference.
An extraction technique was applied to visualize the three-dimensional organization of the cytoskeleton. This method preserves microtubule and microfilament networks (Bershadsky et al., 1978) . As observed by scanning electron microscopy, the cytoskeleton was well-developed in control ( Fig. 5a ) and IFN-treated (Fig. 5b ) cells and was also present in the cells completely rounded by cholera toxin (Fig. 5c) . 
DISCUSSION
Interferon as well as cholera toxin can produce rounding in partly differentiated mouse adrenal Y-l cells, followed by the stimulation of ketosteroid production. The data presented here show that, although the final product is comparable in both cases, the mechanisms by which the stimulation is obtained are strikingly different.
It has been shown that I F N can bind to cell membrane gangliosides, but its presently known cellular functions are seemingly mediated by cell membrane proteins, which represent the I F N and cell species-specific receptor (Chany et al., 1973) . Cholera toxin, on the other hand, binds to G M 1 ganglioside.
The induction of ketosteroids by I F N is dependent on the integrity of the cytoskeleton, which is reminiscent of most other I F N functions that have been investigated. In contrast, cholera toxin induction of the same hormones is not modified by cytoskeleton-disrupting drugs, suggesting two independent receptors. In both cases, however, the increase of cAMP synthesis which follows binding, implies that after this early step, further metabolic events resulting in an augmented steroid excretion, could follow a common pathway. Indeed, the addition of dibutyryl cAMP to Y-I cells enhanced steroid production, unaltered by cytochalasin B (or by colchicine), as in the case of cholera toxin.
Since cAMP is not clearly involved with other I F N functions in non-specialized cells (Tovey & Rochette-Egly, 1981) , it is likely that the hormone-secreting nature of Y-1 cells is responsible for this unusual response.
It is of interest that short-term treatment (6 h) by butyrate, simultaneously with IFN, inhibits IFN-induced steroid synthesis. During such a short period, no modification of the cytoskeleton can be detected. Thus, this inhibition seems to be related to some other metabolic effects of butyrate. It is noteworthy that, in the absence of IFN, butyrate has no influence on base level steroidogenesis.
Both I F N and cholera toxin induce cell rounding, which is usually attributed to the decrease of the polymerization of cytoskeletal elements and the absence of extracellular matrix. On the contrary, we suggest that in the case of Y-1 cells, the cytoskeleton is not responsible for this cellular alteration. Our data are not able to confirm or exclude the participation of the extracellular matrix, nor that of cytoskeletal-associated proteins.
